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Huntington’s disease (HD) is a genetic, neurodegenerative disorder, which specifically
affects striatal neurons of the indirect pathway, resulting in a progressive decline in muscle
coordination and loss of emotional and cognitive control. Interestingly, predisposition to
pathological gambling and other addictions involves disturbances in the same cortico-
striatal circuits that are affected in HD, and display similar disinhibition-related symptoms,
including changed sensitivity to punishments and rewards, impulsivity, and inability
to consider long-term advantages over short-term rewards. Both HD patients and
pathological gamblers also show similar performance deficits on risky decision-making
tasks, such as the Iowa Gambling Task (IGT). These similarities suggest that HD patients
are a likely risk group for gambling problems. However, such problems have only
incidentally been observed in HD patients. In this review, we aim to characterize the risk
of pathological gambling in HD, as well as the underlying neurobiological mechanisms.
Especially with the current rise of easily accessible Internet gambling opportunities, it is
important to understand these risks and provide appropriate patient support accordingly.
Based on neuropathological and behavioral findings, we propose that HD patients may
not have an increased tendency to seek risks and start gambling, but that they do have
an increased chance of developing an addiction once they engage in gambling activities.
Therefore, current and future developments of Internet gambling possibilities and related
addictions should be regarded with care, especially for vulnerable groups like HD patients.
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INTRODUCTION
Huntington’s disease (HD) is a genetic neurodegenerative dis-
order, inherited in an autosomal dominant fashion. The disease
is characterized by progressive motor, cognitive and behavioral
symptoms, which usually become apparent between 30 and 50
years of age, and lead to premature death in 10–20 years after
disease onset. HD is caused by a mutation in the Huntingtin
gene (HTT), which leads to protein aggregation, deregulation
of several cellular processes, and eventually cell death. Neuronal
degeneration initially occurs selectively in the striatum (caudate
nucleus and putamen), where it affects cortico-striatal pathways
that serve to control motor and cognitive functions (Reiner et al.,
2011; Vonsattel et al., 2011). At the motor level, this degenerative
process is expressed as disorganized movements (chorea), while
at the cognitive/behavioral level patients display an “executive
dysfunction syndrome”, encompassing amongst others impulsiv-
ity, poor risk assessment and an inability to halt a poor course
of action (Hamilton et al., 2003; Duff et al., 2010b). Similar
behavioral and cognitive symptoms are seen in addictive behavior
related to substances or activities (Newman, 1987; Rosenblatt,
2007; Iacono et al., 2008). Therefore, it may be expected that HD
patients are at risk of developing addictions. Decision-making
paradigms in laboratory settings have indeed suggested deficits
in risky decision-making in advanced HD patients (e.g., Stout
et al., 2001), and pathological gambling has incidentally been
observed in this patient group (De Marchi et al., 1998). However,
these findings are rare, and surprisingly few studies have directly
examined symptoms and consequences of, for instance, behav-
ioral disinhibition in HD.
In this review we will argue that HD patients may be a risk
group for developing problematic gambling. Firstly, problematic
gambling is characterized by subjects’ inability to stop gam-
bling despite financial, personal or professional problems. Based
on neurobiological disturbances and behavioral symptoms the
capacity to stop gambling behavior seems diminished or absent in
HD patients. Secondly, due to the more liberal attitudes towards
gambling and increasing possibilities of legal and illegal Internet
gambling (see e.g., Griffiths, 2003), we may expect the occurrence
of gambling problems to increase in the coming years. Increased
accessibility may specifically pose a risk to vulnerable groups, such
as HD patients, that have not been previously exposed to such
risks.
In general, changing external conditions and treatment meth-
ods can have unexpected and undesirable effects on patient
behavior, especially in complex neurological diseases. Such effects
are easily missed when behavioral symptoms are not regularly
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reevaluated. This may be best illustrated by the case of Parkinson’s
disease, where the introduction of drug treatment with dopamine
agonists led to impulse control disorders such as compulsive
gambling, shopping, eating, and hypersexuality, caused by over-
stimulation of the mesolimbic dopaminergic system (Dodd et al.,
2005; Witjas et al., 2012; Weintraub et al., 2013). However, these
side effects were not recognized until years after the introduc-
tion of dopamine agonist therapies in combination with societal
changes related to (the availability of) shopping, food consump-
tion, sexuality, Internet, and gambling. This example illustrates
that reassessment of risk factors is important to be able to provide
effective treatment and guidance to patients in face of a changing
environment.
Here, we will explore the disease profile of HD in relation
to addiction, gambling problems, and decision-making deficits.
In Section HD: Neuropathology, Symptoms, and Progression, pro-
gression of HD symptoms will be discussed in relation to dis-
turbances in cortico-striatal circuits involved in task learning,
sensitivity to punishment, and cognitive/impulse control. In
Section Risk Taking and Pathological Gambling Behavior in HD,
the neurobiological profile of HD patients will be discussed in
the context of gambling and well-established risk-taking and
decision-making tests, such as the Iowa Gambling Task (IGT)
and the Cambridge Gambling Task (CGT). In Section Discussion,
we will discuss how a characterization of gambling risks may
lead to recommendations for HD patients and their caretak-
ers on how to deal with this issue and which situations are
best avoided. We also aim to identify yet unanswered ques-
tions, which may act as a starting point for future research
into the occurrence and risks of gambling problems in HD
patients.
HD: NEUROPATHOLOGY, SYMPTOMS, AND PROGRESSION
NEUROBIOLOGICAL DISEASE MECHANISMS
HD is caused by an unstable CAG (trinucleotide; cytosine-
adenine-guanine) repeat in the coding region of the HTT gene,
which leads to the production of mutant huntingtin protein (Htt)
with an expanded polyglutamine (polyQ) stretch (MacDonald
et al., 1993). The number of trinucleotide repeats is inversely
correlated to the age of onset of disease (Snell et al., 1993; Stine
et al., 1993). The majority of HD patients has 40–55 repeats
which causes typical adult-onset disorder, while expansions of
more than 70 repeats lead to juvenile onset disorder. Individuals
with fewer than 35 CAG repeats in the HTT gene will not
develop HD. Although the exact mechanisms of HD pathogenesis
remain unknown and cannot be discussed here in detail, they
involve the formation of protein aggregates by polyQ expanded
Htt, as well as the interaction of mutant Htt with numerous
proteins that are involved in energy metabolism, protein and
vesicle transport, and regulation of gene transcription (Li and
Li, 2004; Jones and Hughes, 2011). The resulting deregulation of
these cellular processes eventually leads to neuronal degeneration
through mechanisms involving excitotoxicity and apoptosis.
Neuronal degeneration is initially restricted to the basal gan-
glia, where the medium spiny neurons in the striatum (caudate
nucleus and putamen) are specifically affected (Vonsattel and
DiFiglia, 1998; Kassubek et al., 2004). The striatum receives its
main excitatory (glutamatergic) input from cortical areas, while
it receives its dopaminergic input from the substantia nigra.
The striatum has two main inhibitory (GABA-ergic) outputs:
a direct and an indirect pathway (Figure 1A). Striatal neurons
of the direct pathway project to the internal globus pallidus
(GPi), which in turn has inhibitory projections to the thalamus.
The thalamus gives rise to the main excitatory input to the
cortex. Thus, in effect, activation of the direct striatal pathway
inhibits GPi activity, which in turn disinhibits thalamocortical
activity, thereby facilitating movement and cognitive functions.
The indirect striatal pathway, on the other hand, projects to the
external GP (GPe), which in turn sends inhibitory projections
to the subthalamic nucleus (STN). The STN sends excitatory
projections to the GPi. Accordingly, activation of the indirect
striatal pathway thereby disinhibits the STN, allowing it to activate
the GPi, which in turn inhibits thalamocortical activity, sup-
pressing movement and cognitive functions. Adaptive behavior
results from a (delicate) balance of activity in the direct and
indirect pathway. Pathology in the indirect pathway is key to
HD and disrupts the balance in striatal control resulting in a
loss of inhibitory control over motor functioning and behav-
ior (Figure 1B; Albin et al., 1989; Alexander and Crutcher,
1990).
Cortico-basal ganglia circuits, encompassing connections
between cortical areas, striatal areas, pallidal areas and thalamic
areas, are organized in a parallel fashion subserving different
functions in the organization of behavior. As many excellent
reviews exist on the anatomy and function of these circuits
(e.g., Alexander et al., 1986, 1990; Alexander and Crutcher,
1990; Yin and Knowlton, 2006; Verny et al., 2007; Yin et al.,
2008; Haber and Knutson, 2010; Sesack and Grace, 2010), we
only highlight a few issues here conducive to our review. First,
roughly speaking a dorsal to ventral topographical organiza-
tion in both cortical and striatal areas exists. Thus, the dorsal
prefrontal areas are associated with dorsal striatal areas while
the more ventral prefrontal areas are associated with more ven-
tral striatal areas (including the nucleus accumbens). Second,
broadly three functionally different circuits may be described.
The sensorimotor circuit encompasses the sensorimotor stria-
tum (putamen) and sensorimotor cortices associated with the
execution of motor behavior. The associative/cognitive control
circuit involves the dorsolateral prefrontal cortex, anterior cin-
gulate cortex, and associative striatum (caudate nucleus). This
circuit is especially relevant for executive functioning, i.e., it is
involved in cognitive control, planning and working memory. In
addition it is involved in promoting long-term adaptive behavior
by reinforcing or stopping (punishing) instrumental behavior,
i.e., sequences of behavioral acts, learned in interaction with
the environment (Kravitz et al., 2012; Paton and Louie, 2012).
The limbic circuit includes the orbitofrontal cortex, ventrome-
dial prefrontal cortex, amygdala, and limbic striatum (nucleus
accumbens). This circuit is especially relevant for evaluating
the affective value of stimuli, signaling the expected reward or
punishment of an upcoming stimulus, choice or event, emo-
tional control, and adaptive (emotional) learning (O’Doherty
et al., 2001; Rushworth et al., 2007; van den Bos et al., 2013b,
2014).
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FIGURE 1 | (A) Simplified scheme of the organization of cortico-basal
ganglia networks (cortical, striatal, pallidal and thalamic areas) showing the
direct and indirect pathways in normal brains. (B) Specific degeneration of
the indirect pathway (X) in HD leads to a decrease in inhibitory control over
cortical functions. GPe: external globus pallidus; GPi: internal globus
pallidus; STN: subthalamic nucleus. Red: inhibitory (GABA) pathways, Blue:
excitatory (glutamate) pathways.
Pathology in HD is observed in both the putamen and caudate
nucleus (Vonsattel and DiFiglia, 1998; Kassubek et al., 2004;
Vonsattel, 2008; Vonsattel et al., 2011; Hadzi et al., 2012). In addi-
tion, in both structures atrophy follows a characteristic pattern,
starting in the dorsal and caudal regions and moving towards the
ventral and rostral regions as the disease progresses (Vonsattel and
DiFiglia, 1998; Kassubek et al., 2004; Vonsattel, 2008). However
early atrophy has also been observed in the nucleus accumbens
and globus pallidus in some studies (van den Bogaard et al., 2011;
Sánchez-Castañeda et al., 2013). While disturbances in the senso-
rimotor circuit (putamen) may be related to the motor symptoms,
disturbances in the associative/cognitive control circuit (caudate
nucleus) may be related to executive dysfunction, and cause
deficits in e.g., working memory in early HD patients (Lawrence
et al., 1996; Bonelli and Cummings, 2007; Wolf et al., 2007).
Disturbances in the limbic circuit, such as due to early atrophy in
the nucleus accumbens, may be related to apathy and depression
(Bonelli and Cummings, 2007; Unschuld et al., 2012). Progressive
atrophy in the striatum may lead to a successive dysfunction of
cortico-striatal circuits. For instance, the ventral caudate nucleus
is also part of the orbitofrontal circuit, which is affected as
the disease progresses. Dysfunction of this circuit is related to
behavioral disinhibition (Bonelli and Cummings, 2007). Even-
tually, degeneration may spread to other brain areas, including
other parts of the basal ganglia (pallidal areas and thalamus),
hippocampus, amygdala and cortical areas at the late stages of the
disease.
In sum, HD is characterized by a specific degeneration of
striatal neurons belonging to the indirect pathway. As the disease
progresses, atrophy of the striatum spreads along a caudal-rostral
and dorsal-ventral gradient causing a sequential disturbance of
cortico-striatal circuits. The resulting loss of inhibitory control
in these circuits is directly related to the progression of motor,
cognitive and behavioral symptoms in HD, as discussed below.
SYMPTOMS OF HD
HD is characterized by a variety of progressive motor, cognitive
and behavioral symptoms. The first symptoms usually arise at
mid-age, with an average onset age of 40, although a small
percentage of patients suffer from juvenile-onset HD, which starts
before the age of 20. As the symptoms and progression of juvenile-
onset HD are somewhat distinct from adult-onset disorder, we
will focus on the latter patient group in this review. One of the
first symptoms to become apparent in HD is chorea (involuntary
movement disorder), and a clinical diagnosis is usually made
after onset of movement abnormalities (Shannon, 2011). Some
studies, however, report subtle cognitive and emotional changes
before onset of motor symptoms, and the exact order of occur-
rence and progression of HD symptoms remains a subject of
debate. Nevertheless, several comprehensive reviews of the clinical
manifestations of HD are available (Roos, 2010; Anderson, 2011;
Shannon, 2011).
Motor symptoms
Motor symptoms start to become apparent in the early stages of
HD, and are usually the first symptoms to be noticed in laboratory
settings and by first-degree relatives of HD patients (de Boo
et al., 1997; Kirkwood et al., 1999, 2001). Motor disturbances
appear to begin as a dysfunction in error feedback control (Smith
et al., 2000), consistent with the role of the cortico-striatal motor
circuit in sensorimotor learning and control (Graybiel et al.,
1994). The first signs of motor abnormalities are often subtle
involuntary movements (chorea) of e.g., facial muscles, fingers
and toes (“twitching”), hyperreflexia, and exaggerated voluntary
movements (Young et al., 1986; Shannon, 2011), which lead to
a general appearance of restlessness and clumsiness in early HD
patients. These abnormal movements are subtle and often go
unnoticed at first, but gradually worsen and spread to all other
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muscles over time. Other early motor symptoms include slow
or delayed saccadic eye movements (Peltsch et al., 2008) and
dysarthria (Ramig, 1986; Young et al., 1986). Dysarthria, a motor
speech disorder, leads to difficulty with articulation and slurring
of words, which makes speech progressively more difficult to
understand. Dysphagia (swallowing difficulties) is observed in
most patients with an onset at mid-disease stages, and gradually
worsens until patients can no longer eat unassisted and often
require a feeding tube in late-stage HD (Heemskerk and Roos,
2011). Other, non-choreic motor symptoms that usually become
apparent at mid-stage disease include complex gait disorder, pos-
tural instability, and dystonia (involuntary muscle contractions
that cause slow repetitive movements and abnormal postures),
which is often accompanied by frequent falls (Koller and Trimble,
1985; Tian et al., 1992; Louis et al., 1999; Grimbergen et al., 2008).
Rigidity and bradykinesia (slowness of movement and reflexes)
are sometimes observed, but are mostly restricted to cases of
juvenile-onset HD (Bittenbender and Quadfasel, 1962; Hansotia
et al., 1968). These motor symptoms are consistent with dys-
function of the sensorimotor (and associative/cognitive control)
cortico-striatal circuits that are commonly affected in HD.
Behavioral and psychiatric symptoms
Behavioral disorders in HD can be complex and difficult to
classify, and their occurrence and onset is highly variable between
individuals. Moreover, it can sometimes be difficult to distinguish
behavioral disorders from normal coping with a distressing dis-
ease (Caine and Shoulson, 1983). The number of studies that
have characterized behavioral symptoms in HD is limited, and as
a result there is relatively little insight in their prevalence in the
disease (van Duijn et al., 2007). The most frequently and consis-
tently reported behavioral and emotional symptoms in HD are
irritability, apathy, and depression, which occur with a prevalence
of approximately 50% (Caine and Shoulson, 1983; Folstein and
Folstein, 1983; Craufurd et al., 2001; Kirkwood et al., 2001; van
Duijn et al., 2007, 2014; Tabrizi et al., 2009). Both irritability
and apathy are sometimes observed in pre-manifest HD patients
(Tabrizi et al., 2009; van Duijn et al., 2014), and also depression
has been reported at early clinical stages (Shiwach, 1994; Julien
et al., 2007; Epping et al., 2013). These affective symptoms are
among the first non-motor symptoms to be noticed by first-
degree relatives (Kirkwood et al., 2001). Typical apathy-related
symptoms, which gradually become worse during the course of
the disease, include lack of energy, motivation and initiative,
decreased perseverance and quality of work, impaired judgment,
poor self-care and emotional blunting (Craufurd et al., 2001;
Kirkwood et al., 2001). Depressive symptoms have been related to
increased activity in the ventromedial prefrontal cortex (Unschuld
et al., 2012). Irritability is associated with orbitofrontal circuit
dysfunction, which leads to decreased control over emotional
responses in the amygdala (Klöppel et al., 2010).
Other, less commonly observed psychiatric symptoms and dis-
orders in HD are anxiety, obsessive-compulsive disorder, mania,
schizophrenia-like psychotic symptoms, such as paranoia, hallu-
cinations, and delusions (Caine and Shoulson, 1983; Folstein and
Folstein, 1983; Craufurd et al., 2001; Kirkwood et al., 2001; van
Duijn et al., 2007). These symptoms usually don’t occur until mid
or late stages of the disease, although they have incidentally been
reported to occur in preclinical HD patients (Duff et al., 2007).
Obsessive-compulsive disorder has been associated with damage
to the orbitofrontal cortex and anterior cingulate cortex, while
schizophrenia, a disorder which involves deficits in organizing,
planning and attention, is related to dorsolateral prefrontal cortex
dysfunction (Tekin and Cummings, 2002).
It is suggested that most psychiatric symptoms in HD are in
fact part of a broad, ill-defined “frontal lobe syndrome” or “exec-
utive dysfunction syndrome”, which includes symptoms such as
apathy, irritability, disinhibition, impulsivity, obsessiveness, and
perseveration (Lyketsos et al., 2004; Rosenblatt, 2007), all of
which are commonly observed in HD patients (Hamilton et al.,
2003; Duff et al., 2010b). Taken together, the literature indicates
that onset and progression of behavioral symptoms in HD is
heterogeneous, with affective disorders occurring most often and
with early onset, while anxiety, obsessive-compulsive disorder,
and psychotic symptoms are less common and usually occur later
in the disease. These psychiatric symptoms are associated with
dysfunction of limbic and associative/cognitive control cortico-
striatal circuits that are commonly affected in HD.
Cognitive symptoms
Cognitive decline is another important aspect of HD pathology.
Many studies have focused specifically on the occurrence of
cognitive symptoms in preclinical and early clinical stages of HD,
in the hope to discover early clinical biomarkers of the disease
(reviewed in Papp et al., 2011; Dumas et al., 2013). Overall, results
suggest that subtle cognitive changes may be observed up to 5–10
years before onset of motor symptoms with sufficiently sensitive
methods. One study even found that, at preclinical and early
clinical stages of HD, about 40% of patients already meet the
criteria for mild cognitive impairment (a disorder associated with
limited memory loss, not meeting the criteria for diagnosis of
dementia; Duff et al., 2010a). However, not all studies support
these findings (Blackmore et al., 1995; Giordani et al., 1995; de
Boo et al., 1997; Kirkwood et al., 2001). In general, the litera-
ture agrees that information processing and psychomotor speed
are especially affected at this early stage (Rothlind et al., 1993;
Kirkwood et al., 1999; Verny et al., 2007; Paulsen et al., 2008).
Other commonly observed early cognitive impairments include
problems with attention, (working) memory, and visuospatial
performance (Jason et al., 1988; Rothlind et al., 1993; Foroud
et al., 1995; Lawrence et al., 1996; Hahn-Barma et al., 1998; Verny
et al., 2007; Paulsen et al., 2008; Tabrizi et al., 2009; Papp et al.,
2011; Stout et al., 2011). Cognitive inflexibility has been observed
in early disease patients (Jason et al., 1988), at which stage
extra-dimensional shifts are specifically impaired, while reversal
learning is still intact (Lawrence et al., 1996). Thus, patients are
still able to reevaluate stimulus value and learn new stimulus-
reward contingencies within the same dimension (e.g., shape or
color), but have problems shifting their attention to a different
dimension (e.g., from color to shape) as required by the new
task rule to obtain reward. In later stages of the disease, cognitive
inflexibility and perseveration also cause impaired reversal learn-
ing in HD patients (Josiassen et al., 1983; Lange et al., 1995). This
progression of symptoms is consistent with specific dysfunction of
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the dorsolateral prefrontal circuit early in the disease, since extra-
dimensional set shifting is mediated by the dorsolateral prefrontal
cortex, while reversal learning is mediated by the orbitofrontal
cortex (Dias et al., 1996; McAlonan and Brown, 2003). Other early
impairments include disorganized behavior, impaired planning,
poor judgment, and reduced behavioral and emotional control
(Watkins et al., 2000; Paradiso et al., 2008; Duff et al., 2010b).
Disinhibition has been observed in early HD patients, whose
performance is impaired on tasks that require inhibition of pre-
potent but inappropriate responses (Holl et al., 2013). Finally, sev-
eral studies have found that preclinical HD patients are impaired
in the recognition of negative emotions such as anger, disgust, fear
and sadness. Emotional recognition declines progressively, and
can spread to problems with neutral emotions in early clinical
stages of the disease (Johnson et al., 2007; Tabrizi et al., 2009;
Labuschagne et al., 2013). This phenotype is related to dysfunc-
tion of the orbitofrontal cortex, which is involved in processing
emotional and reward information (Henley et al., 2008; Ille et al.,
2011).
Studies with animal models of HD show similar cognitive
impairments to those observed in human patients. Although
not all studies find robust cognitive deficits (Fielding et al.,
2012), findings in rat and mouse models of HD include anxi-
ety, increased responsiveness to negative emotional stimuli, and
impairments in reversal learning and strategy shifting (Faure
et al., 2011; Abada et al., 2013). One study found specific early
deficits in reversal learning before onset of motor symptoms in
a rat model of HD (Fink et al., 2012). Interestingly, HD animals
appear to have an increased responsiveness to negative emotional
stimuli, while human patients show decreased recognition of
negative emotions. At present it is unclear whether this reflects
differences in task administered (recognizing emotions versus
behavioral responses to threatening stimuli), species-related dif-
ferences in the outcome of pathology or a fundamental difference
between the rat model and the human condition. In general, stud-
ies in both human patients and animal models of HD demonstrate
that a wide range of cognitive functions can already be impaired in
early HD. Early abnormalities mainly include deficits in attention,
memory, cognitive flexibility, and emotional recognition. At this
early stage, patients often have impaired awareness of their own
(decline in) cognitive abilities (Hoth et al., 2007). Over time,
cognitive symptoms progressively get worse, eventually leading to
severe subcortical dementia in late stages of the disease. Although
the occurrence of symptoms is generally consistent with successive
impairment of associative/cognitive control and limbic cortico-
striatal circuits, respectively, specific functions that are related to
the limbic circuit can also already be affected at early-stage HD.
Conclusion
Motor, behavioral and cognitive symptoms in HD have been
studied extensively in the past, and continue to be a topic of
interest due to the wide variety and variability in the occur-
rence and onset of these symptoms across patients. In general,
behavioral and cognitive symptoms are related to three frontal
behavioral categories: apathy, executive dysfunction, and disinhi-
bition. The combination of these symptoms is sometimes referred
to as “executive dysfunction syndrome”. All of these symptoms
are related to deficits in the cortico-striatal circuits involving the
orbitofrontal cortex, dorsolateral prefrontal cortex and anterior
cingulate cortex. As discussed above, neuropathological studies
have observed a gradual degeneration of the striatum in a dorsal
to ventral direction in HD patients. Although the behavioral and
cognitive observations partly agree with a progressive impairment
of cortico-striatal circuits, the symptomatic findings appear to be
more diffuse than expected based on pathological observations.
Onset and progression of behavioral and cognitive symptoms in
HD is highly heterogeneous, indicating that damage to striatal
regions may be more variable and widespread in early stages of
HD than previously thought. This view is supported by evidence
from several structural imaging studies (Thieben et al., 2002;
Rosas et al., 2005; van den Bogaard et al., 2011).
RISK TAKING AND PATHOLOGICAL GAMBLING
BEHAVIOR IN HD
PATHOLOGICAL GAMBLING
While many people are able to gamble recreationally, it may
become an overt problem for some, as they develop pathological
forms of this behavior. Pathological gambling is characterized
by an excessive urge to gamble despite clear negative financial,
personal and professional consequences. It has recently been clas-
sified as an addiction in DSM-V, as it closely resembles substance
abuse disorders in both diagnostic criteria and neuropathology
(van Holst et al., 2010; Clark and Goudriaan, 2012). Pathological
gambling will be the first and only “behavioral addiction” rec-
ognized within the category “Addiction and Related Disorders”.
Nevertheless, it should be noted that differences exist between
addiction to psychoactive substances and addiction to gambling.
First, satisfying craving for psychoactive substances lies in con-
suming the substance of which the effect is known, while satisfy-
ing the craving for gambling may have an uncertain outcome as
money may be won or not, unless, it is the act of gambling itself,
for instance as an exciting activity. Thus, pathological gambling
may be more heterogeneous in this respect with also a more
uncertain outcome than substance abuse. It should be noted
that outcome variability, including both wins and losses, may be
crucial to the development of gambling addiction, as it presents
a variable intermittent pattern of reinforcement, which is the
most powerful form of instrumental/classic conditioning (Sharpe,
2002; Fiorillo et al., 2003). Second, psychoactive substances may
more strongly change activity in the brain and peripheral nervous
system than gambling, due to their direct pharmacological activity
at several neurotransmitter systems, accelerating thereby addictive
processes, making substance abuse a more powerful form of
addiction.
The underlying neurobiological mechanisms of gambling are
complex and involve many different brain regions and neuro-
transmitter systems (reviewed in Raylu and Oei, 2002; Goudriaan
et al., 2004; Potenza, 2013). Predisposition to addiction has been
related to a reduced level of dopamine D2 receptors in the
striatum, which function in a feedback loop to inhibit further
dopamine release. The resulting hyperactivity of dopaminergic
pathways increases sensitivity to reward, motivation, and positive
reinforcement of the addictive behavior (Volkow et al., 2002; Di
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Chiara and Bassareo, 2007). Specific motivational changes that
occur when pathological gambling develops include increased
motivation to gamble (van Holst et al., 2012) and enhanced
attention to gambling-related stimuli (Brevers et al., 2011a,b). In
addition, pathological gamblers have reduced cognitive control
over behavior in general, as exemplified by decreased performance
on response inhibition tasks, increased impulsivity, and a prefer-
ence for immediate over delayed rewards in neurocognitive tasks
(Goudriaan et al., 2004; Brevers et al., 2012a; van den Bos et al.,
2013a).
Pathological gamblers perform poorly compared to con-
trols on formal reward-related risky decision-making tasks (e.g.,
Cavedini et al., 2002; Brand et al., 2005; Brevers et al., 2012b;
review: Brevers et al., 2013). This poor performance is indepen-
dent of whether tasks contain explicit and stable rules for wins
and losses such as the Game of Dice Task (Brand et al., 2005) or
whether subjects have to learn by trial-and-error which choices
are advantageous in the long run, such as the IGT (Cavedini
et al., 2002; Brevers et al., 2012b; see Section Risky Decision-
Making by HD Patients on Laboratory Tasks for details of this
task). However, gambling severity was rather correlated with
performance on decision-making tasks in which probability of
outcome is unknown (IGT) than with tasks with explicit rules
(Brevers et al., 2012b). This observation is interesting in view
of the fact that in normal subjects the second half of the IGT
when subjects have learned task contingencies is akin to tasks
with explicit rules. Collectively, these data therefore suggest that
in pathological gambling impairments in decision-making may
result from both decreased executive control, which is related
to more explicit rules, and disturbed reward-punishment (emo-
tional) processing, which is more related to trial-and-error learn-
ing to assess long-term value of options (van den Bos et al.,
2013a, 2014). In addition, it suggests that disturbances in the
latter may be a predisposing factor to escalation of gambling
behavior.
From these studies it is clear that neurobiological predisposi-
tion for developing pathological gambling behavior involves dis-
turbances in both the associative/cognitive control circuit and the
limbic circuit (van den Bos et al., 2013a). As a result, pathological
gamblers display reduced cognitive control, increased impulsivity,
and increased sensitivity to reward, all of which are aspects of
behavioral disinhibition (Iacono et al., 2008). The chance that
an individual develops an addiction in its life, however, also
depends on many other aspects, such as early-life experiences and
environmental risks.
PATHOLOGICAL GAMBLING IN HD: EPIDEMIOLOGICAL EVIDENCE
With the increasing amount of possibilities offered by the Inter-
net, there has also been a rise in both legal and illegal online
gambling opportunities in recent years. These easily accessible and
often uncontrolled gambling activities may pose a risk to anyone
who has an increased susceptibility to gambling addiction, but
may otherwise not become involved in such activities (Griffiths,
2003). HD patients are one of the groups for which Internet gam-
bling may pose such a risk, because behavioral disinhibition—
a common feature in the disease—is an important factor in
the development of addictions (Iacono et al., 2008). Indeed, as
mentioned above, HD patients show several signs of disinhibition,
such as irritability, impaired response inhibition, and reduced
emotional recognition, at an early stage in the disease. Other
symptoms that have been observed in HD, and can influence
patients’ ability to make rational decisions, are cognitive inflexi-
bility, perseveration, poor judgment, and reduced self-awareness.
Besides these symptomatic similarities between HD patients and
pathological gamblers, both groups display structural and func-
tional abnormalities in similar cortico-striatal circuits.
In view of these similarities between pathological gamblers and
HD patients, we may expect the incidence of gambling problems
to be increased among HD patients compared to the normal
population. Nevertheless, only one study so far has reported cases
of pathological gambling in an Italian family with HD (De Marchi
et al., 1998). In this family, two individuals were diagnosed with
pathological gambling around the age of 18, well before the onset
of clinical signs of HD. Other epidemiological studies have not
reported on this issue, although impaired decision-making, risk
taking, and poor judgment have been shown to pose a risk for HD
patients handling important life decisions and financial affairs
(Klitzman et al., 2007; Shannon, 2011). Similarly, reports on
related issues such as substance abuse and addiction to Internet
use are missing in the current literature on HD pathology. At this
moment, it is unclear whether the absence of reports of gambling
problems in the HD literature is caused by a lack of attention
for this phenomenon, or whether there really is no increased
prevalence of pathological gambling among HD patients. Several
reasons may explain why such problems have not been reported
more frequently. Firstly, even if the incidence of pathological
gambling is increased in HD, this will likely still only affect a
small percentage of patients. In combination with the fact that
the HD-affected population itself is limited in number, this may
cause gambling problems to go unnoticed as a specific issue in
this patient group. Secondly, the lack of gambling problems in
HD may be related to the inability or unwillingness of patients to
leave the house due to motor disorders and frequently observed
signs of apathy and depression. Before the advent of Internet
gambling, this may have kept HD patients from visiting public
gambling places like the casino. Finally, adolescence appears to
be a sensitive period for developing gambling problems (van den
Bos et al., 2013a), while most HD patients do not start to show
disinhibition-related symptoms until later in life. However, with
the rise of Internet-related activities of adolescents, they may
acquire forms of recreational behavior such as online gambling,
which develop into a problem when HD symptoms become
manifest later in life. Thus, while the environment in which
gambling-susceptible HD patients find themselves may not have
promoted such behavior in the past, it is clear that an increased
accessibility and availability of gambling opportunities from the
home may change the prevalence of related problems in the HD
population.
RISKY DECISION-MAKING BY HD PATIENTS ON LABORATORY TASKS
Laboratory tasks are commonly used to assess cognitive and
behavioral abnormalities in neurological disorders. To gain
insight into the processes and impairments involved in decision-
making and risk-taking behavior, several tasks have been
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developed, including the IGT (Bechara et al., 1994) and the CGT
(Rogers et al., 1999). On the IGT, participants are presented with
four decks of cards. They are instructed to choose cards from
these decks, with which they can win or lose money; the goal of
the task is to win as much money as possible. The decks differ
from each other in the frequency and amount of wins and losses.
Two of these are “bad” decks, leading to an overall loss in the
long run, and two are “good” decks, leading to an overall gain.
The participants are not given this information, however, and
need to discover which decks are most advantageous during the
experiments. Normal, healthy, participants successfully learn the
rules of the task after a certain amount of sampling, and eventually
start to prefer the two “good” decks. Nevertheless, there are signif-
icant individual differences in performance even among healthy
participants, including for example clear sex differences (van den
Bos et al., 2013b). On the CGT, participants are presented with
a row of 10 boxes of two different colors, and need to make
a probabilistic decision in which color box a token is hidden.
They must then gamble credit points on their confidence in this
decision. In this task, all relevant information is presented to the
participant during the experiment, and trials are independent,
thus minimizing working memory and learning demands. Both
gambling tasks are well established, and the IGT is accepted as a
valid simulation of real-life decision-making (Buelow and Suhr,
2009), while the CGT is especially useful for studying decision-
making outside a learning context.
HD patients have been tested on both the Iowa and Cambridge
Gambling Task. In a study with intermediate-stage patients, Stout
et al. (2001) found that performance on the IGT was reduced
compared to normal subjects. The difference in performance
became apparent in the second part of the task; where sub-
jects normally start to show a preference for the good decks,
HD patients continued to make frequent selections from the
bad decks. This suggests that HD patients either did not learn
which decks were advantageous, or continued to choose cards
from the bad decks despite this knowledge. The authors noted
that several HD participants indicated to know that some decks
were disadvantageous, but still continued to select cards from
those decks, suggesting that HD patients can learn the rules of
the task, but are not able to enforce an advantageous selection
pattern and resist responding to individual punishments and
rewards. Nevertheless, reduced performance was found to be
associated with impaired memory and conceptualization, leading
the authors to speculate that HD patients may have trouble
learning or remembering the long-term consequences of choosing
cards from a particular deck. HD patients also scored higher on
disinhibition than healthy controls, but this measure was not
correlated with task performance. In a follow-up of the same data
Stout and colleagues, compared three cognitive decision models
to explain the performance deficit of HD patients, and found that
this was best explained by deficits in working memory and by
increases in recklessness and impulsivity (Busemeyer and Stout,
2002). Impaired performance of HD patients on the IGT may
also be related to a reduced impact of losses on these patients,
which was found by measuring skin conductance responses dur-
ing the IGT (Campbell et al., 2004). This finding is consistent
with impaired recognition of negative emotions in HD patients
(Johnson et al., 2007; Ille et al., 2011), and suggests that they
may be less sensitive to large punishments, and therefore less
likely to turn away from the bad card decks. Especially the second
part of the IGT requires the ability to suppress disadvantageous
courses of action in response to punishments, while reinforcing
profitable actions (de Visser et al., 2011; van den Bos et al., 2013b,
2014).
A limited number of other studies have tested risky decision-
making in early stages of HD, but did not find performance dif-
ficulties in these patients on either the IGT or the CGT (Watkins
et al., 2000; Holl et al., 2013). Thus, it appears that impairments
in decision-making and risk of gambling problems do not develop
until intermediate stages of the disease. However, these studies did
find impairments in tasks that required planning and inhibition
of pre-potent responses in early HD patients. It thus appears
that HD patients first develop subtle problems with inhibition,
planning, emotional recognition, and working memory. In some
patients this can already lead to problems with judgment and
decision-making in early stages of the disease, but most HD
patients don’t have problems with risky decision-making tasks
until they reach an intermediate stage of the disease.
NEUROBIOLOGICAL MECHANISMS OF DECISION MAKING IN HD
Neurobiological pathways underlying normal decision-making
processes in the IGT
The neurobiological mechanisms underlying decision-making
processes in the IGT have been well studied and described (see
e.g., Bechara et al., 2000; Doya, 2008; de Visser et al., 2011; van den
Bos et al., 2013b, 2014). Normal execution of this task requires an
interaction between the limbic and associative/cognitive control
cortico-striatal circuits. Activity in the limbic circuit is thought
to be dominant during the first phase of the IGT, during which
it is involved in exploratory behavior, responding to rewards
and punishments, and learning the affective values of short- and
long-term outcomes of decisions in the task (Manes et al., 2002;
Clark and Manes, 2004; Fellows and Farah, 2005; Gleichgerrcht
et al., 2010; de Visser et al., 2011; van den Bos et al., 2014). The
associative/cognitive control circuit, on the other hand, is more
important during the second part of the IGT, when it is necessary
to suppress impulsive responses to rewards and punishments for
long-term benefit, reinforce advantageous behavioral patterns
and suppress disadvantageous patterns (Manes et al., 2002; Clark
and Manes, 2004; Fellows and Farah, 2005; Gleichgerrcht et al.,
2010; de Visser et al., 2011; van den Bos et al., 2014).
Neurobiological abnormalities in IGT decision-making
processes in HD
Since decision-making processes in the IGT involve an interac-
tion of limbic and associative/cognitive control cortico-striatal
circuits, it is not surprising that HD patients are impaired in
the performance of this task. One of the observations by Stout
and colleagues is that the impact of loss on decision-making is
reduced in HD patients (Campbell et al., 2004). This is consistent
with findings that these patients are impaired in the recognition
of negative emotions, and may be explained by disturbances
in the orbitofrontal cortex (Ille et al., 2011). The orbitofrontal
cortex is important for emotional processing, and is activated in
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normal subjects in response to punishments and rewards in a
decision-making task (O’Doherty et al., 2001). Another finding
by Stout et al. (2001) is that the performance of HD patients on
the IGT is correlated with decreased conceptualization and long-
term memory measures on the Mattis Dementia Rating Scale.
A failure to learn or remember which decks are advantageous
on the long-term may be associated with decreased activity of
the associative/cognitive control circuit, which is required for
long-term planning and impulse control (Manes et al., 2002;
Clark and Manes, 2004; Fellows and Farah, 2005; Gleichgerrcht
et al., 2010). This is also consistent with specific deficits of the
indirect pathway in HD, since a recent study shows that the
indirect pathway is important for sensitivity to punishment in a
reinforcement-learning task (Kravitz et al., 2012; Paton and Louie,
2012). Insensitivity to the future consequences of a decision may
also be caused by ventromedial prefrontal cortex dysfunction,
since similar insensitivity is observed in patients with damage
to this prefrontal area (Bechara et al., 1994). Thus, decreased
performance of HD patients on the IGT may be caused by a
combination of dysfunctions in cortico-striatal circuits involv-
ing the orbitofrontal cortex, ventromedial prefrontal cortex and
dorsolateral prefrontal cortex. This leads to reduced responsive-
ness to punishment in the first phase of the task, and failure
to learn which decks are long-term advantageous, plan accord-
ingly, and suppress impulsive responses in the second phase of
the IGT.
DISCUSSION
HD AND PATHOLOGICAL GAMBLING: WHAT ARE THE RISKS?
The typical array of motor, emotional, and cognitive symptoms
of HD is caused by progressive striatal atrophy that affects the
different cortico-striatal circuits. Although onset and progression
of behavioral and cognitive symptoms appear to be highly het-
erogeneous, motor and cognitive circuits are typically affected
early in the disease, while the limbic circuit is affected at a later
stage. Interestingly, neurobiological predisposition to pathologi-
cal gambling and other addictions involves disturbances in the
same cortico-striatal circuits that are affected in HD. Despite
these striking similarities, however, in the medical literature HD
has not been associated with pathological gambling or other
addictive behaviors. Only one study so far has described a family
in which gambling problems occurred in several HD-affected
family members (De Marchi et al., 1998). We speculate that
patients’ motor symptoms, as well as their age and social envi-
ronment, may thus far have prevented them from developing
pathological gambling, despite their increased susceptibility to
such problems. On the other hand, the frequently diagnosed
depression may be expected to increase impulsivity and the risk of
gambling problems, based on correlation studies (Clarke, 2006).
Another explanation for the lack of observations of gambling
problems in HD may be related to differences in underlying
neuropathology. While the cognitive disturbances appear to be
highly similar between pathological gamblers and HD patients,
the emotional changes are of a different nature. Pathological
gamblers mainly show an increased sensitivity to rewards, urging
them to start and continue gambling. HD, on the other hand,
has been associated with a decreased sensitivity to punishments
and negative emotions. This difference may be an important
reason why HD patients do not appear to have an increased
tendency to start gambling or engage in other rewarding, addictive
behaviors.
Nevertheless, disturbances in the limbic cortico-striatal circuit
of HD patients may still promote risky decision-making in situa-
tions with uncertain outcome, as demonstrated in the IGT (Doya,
2008). Moreover, the combination of decreased sensitivity to
punishment, failure to inhibit impulsive responses to immediate
rewards, and inability to consider long-term delayed rewards and
enforce advantageous behavioral patterns accordingly, makes it
likely for HD patients to develop gambling problems, when they
encounter a situation that promotes such behavior. Characteristic
problems of HD patients with strategy shifting and symptoms
of cognitive inflexibility and perseveration may contribute to the
progression of pathological behavior in these situations. Thus,
we propose that HD patients do not have an increased ten-
dency to start gambling or other addictive behaviors inherent
to their neuropathology, but that they do have an increased risk
of developing an addiction once they engage in gambling. In
accordance with this idea, it has been observed that frontal lesion
patients become impulsive and often make poor decisions, but
that they do not exhibit increased risk-taking behavior (Miller,
1992; Bechara et al., 2000). This suggests that impaired decision-
making and risk-taking or -seeking behavior do not necessarily
occur together, and that different combinations of limbic and
associative/cognitive control circuit disturbances can have differ-
ent effects on risky-decision making and gambling behavior. Our
hypothesis would also explain why HD patients have not been
observed to perform worse on the CGT. Since all information
about chances and values of wins and losses is available up
front in this task, HD patients may not develop disadvantageous
strategies, because they are not actively seeking risks. However,
this would need to be tested in more advanced disease patients.
If HD patients indeed have an increased risk of developing
pathological gambling behavior when presented with the appro-
priate situation, the rise of easily accessible Internet gambling
opportunities may pose a specific risk for this patient group. Even
if they do not actively seek out these situations, HD patients are
now much more likely to come across gambling opportunities
than they were in the past. This is especially true for patients who
spend most of their time at home due to their symptoms, where
the Internet may be an important means to occupy them. A higher
probability of engaging in gambling behavior may therefore cause
a disproportionate increase in related problems in the HD popula-
tion. We suggest that caretakers should be aware of these possible
risks, and preferably try to prevent HD patients from engaging in
(online) gambling activities. Moreover, we argue that clinicians
should regularly assess the risk and prevalence of gambling-
related problems in the HD population, to be able to provide
appropriate treatment and guidance to patients and caretakers.
FUTURE DIRECTIONS
Besides epidemiological studies to assess the prevalence of patho-
logical gambling and other addictions in HD, several lines of
research can be suggested to increase our understanding of the
issues discussed in this paper. First of all, it would be interesting
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to link performance deficits on the IGT directly to disturbances in
cortico-striatal activity in HD patients. To this end, HD patients’
brain activation patterns can be studied with functional magnetic
resonance imaging while performing the IGT, and compared to
activity in normal subjects. Activity in the striatum, dorsolat-
eral prefrontal cortex and orbitofrontal cortex is expected to be
decreased in HD patients during decision-making on the IGT.
To study the behavioral and neurobiological aspects of
gambling-behavior in HD in more detail, currently available
rodent disease models can be utilized. On a behavioral level,
these animals can be expected to show decreased performance
on the IGT, similar to human patients. Rodent versions of
the IGT are available (review: de Visser et al., 2011) and the
involvement of different neuronal structures in these models is
well characterized (de Visser et al., 2011; van den Bos et al.,
2013a, 2014). Therefore, such experiments are feasible, and can
be combined with in-depth analysis of underlying neuronal
changes in rodent models of HD using a variety of techniques.
Furthermore, with the advent of more ecological valid research
methods and tools to assess the development of pathological
behaviors, the risk for developing pathological gambling may
be studied under (semi)natural conditions in both humans and
animals (van den Bos et al., 2013a). Together, these studies
of gambling-related symptoms and underlying neuropathology
in both human patients and animal models of HD will pro-
vide us with a better understanding of the risks related to
gambling—and possibly other addictive behaviors—in HD, and
improve our ability to provide appropriate treatment and guid-
ance.
REFERENCES
Abada, Y. K., Schreiber, R., and Ellenbroek, B. (2013). Motor, emotional and
cognitive deficits in adult BACHD mice: a model for Huntington’s disease.
Behav. Brain Res. 238, 243–251. doi: 10.1016/j.bbr.2012.10.039
Albin, R. L., Young, A. B., and Penney, J. B. (1989). The functional anatomy
of basal ganglia disorders. Trends Neurosci. 12, 366–375. doi: 10.1016/0166-
2236(89)90074-x
Alexander, G. E., and Crutcher, M. D. (1990). Functional architecture of basal
ganglia circuits: neural substrates of parallel processing. Trends Neurosci. 13,
266–271. doi: 10.1016/0166-2236(90)90107-l
Alexander, G. E., Crutcher, M. D., and DeLong, M. R. (1990). Basal ganglia-
thalamocortical circuits: parallel substrates for motor, oculomotor, “prefrontal”
and “limbic” functions. Prog. Brain Res. 85, 119–146. doi: 10.1016/s0079-
6123(08)62678-3
Alexander, G. E., DeLong, M. R., and Strick, P. L. (1986). Parallel organization
of functionally segregated circuits linking basal ganglia and cortex. Annu. Rev.
Neurosci. 9, 357–381. doi: 10.1146/annurev.neuro.9.1.357
Anderson, K. E. (2011). “Chapter 2 - Huntington’s disease,” in Handbook of Clinical
Neurology, eds W. J. Weiner and E. Tolosa, Hyperkinetic Movement Disorders
(London: Elsevier), 15–24.
Bechara, A., Damasio, A. R., Damasio, H., and Anderson, S. W. (1994). Insensitivity
to future consequences following damage to human prefrontal cortex. Cognition
50, 7–15. doi: 10.1016/0010-0277(94)90018-3
Bechara, A., Damasio, H., and Damasio, A. R. (2000). Emotion, decision making
and the orbitofrontal cortex. Cereb. Cortex 10, 295–307. doi: 10.1093/cercor/10.
3.295
Bittenbender, J. B., and Quadfasel, F. A. (1962). Rigid and akinetic forms of
Huntington’s chorea. Arch. Neurol. 7, 275–288. doi: 10.1001/archneur.1962.
04210040027003
Blackmore, L., Simpson, S. A., and Crawford, J. R. (1995). Cognitive performance
in UK sample of presymptomatic people carrying the gene for Huntington’s
disease. J. Med. Genet. 32, 358–362. doi: 10.1136/jmg.32.5.358
Bonelli, R. M., and Cummings, J. L. (2007). Frontal-subcortical circuitry and
behavior. Dialogues Clin. Neurosci. 9, 141–151.
Brand, M., Kalbe, E., Labudda, K., Fujiwara, E., Kessler, J., and Markowitsch, H. J.
(2005). Decision-making impairments in patients with pathological gambling.
Psychiatry Res. 133, 91–99. doi: 10.1016/j.psychres.2004.10.003
Brevers, D., Bechara, A., Cleeremans, A., and Noël, X. (2013). Iowa Gambling Task
(IGT): twenty years after - gambling disorder and IGT. Front. Psychol. 4:665.
doi: 10.3389/fpsyg.2013.00665
Brevers, D., Cleeremans, A., Bechara, A., Laloyaux, C., Kornreich, C., Verbanck, P.,
et al. (2011a). Time course of attentional bias for gambling information in
problem gambling. Psychol. Addict. Behav. 25, 675–682. doi: 10.1037/a002
4201
Brevers, D., Cleeremans, A., Goudriaan, A. E., Bechara, A., Kornreich, C., Verbanck,
P., et al. (2012b). Decision making under ambiguity but not under risk is related
to problem gambling severity. Psychiatry Res. 200, 568–574. doi: 10.1016/j.
psychres.2012.03.053
Brevers, D., Cleeremans, A., Verbruggen, F., Bechara, A., Kornreich, C., Verbanck,
P., et al. (2012a). Impulsive action but impulsive choice determines problem
gambling severity. PLoS One 7:e50647. doi: 10.1371/journal.pone.0050647
Brevers, D., Cleeremans, A., Tibboel, H., Bechara, A., Kornreich, C., Verbanck,
P., et al. (2011b). Reduced attentional blink for gambling- related stimuli in
problem gamblers. J. Behav. Ther. Exp. Psychiatry 42, 265–269. doi: 10.1016/j.
jbtep.2011.01.005
Buelow, M. T., and Suhr, J. A. (2009). Construct validity of the iowa gambling task.
Neuropsychol. Rev. 19, 102–114. doi: 10.1007/s11065-009-9083-4
Busemeyer, J. R., and Stout, J. C. (2002). A contribution of cognitive decision mod-
els to clinical assessment: decomposing performance on the Bechara gambling
task. Psychol. Assess. 14, 253–262. doi: 10.1037/1040-3590.14.3.253
Caine, E. D., and Shoulson, I. (1983). Psychiatric syndromes in Huntington’s
disease. Am. J. Psychiatry 140, 728–733.
Campbell, M. C., Stout, J. C., and Finn, P. R. (2004). Reduced autonomic respon-
siveness to gambling task losses in Huntington’s disease. J. Int. Neuropsychol. Soc.
10, 239–245. doi: 10.1017/s1355617704102105
Cavedini, P., Riboldi, G., Keller, R., D’Annucci, A., and Bellodi, L. (2002). Frontal
lobe dysfunction in pathological gambling patients. Biol. Psychiatry 51, 334–341.
doi: 10.1016/s0006-3223(01)01227-6
Clark, L., and Goudriaan, A. E. (2012). “Neuroimaging in problem gambling,” in
Encyclopedia of Addictive Behaviors, ed P. M. Miller (London: Elsevier).
Clark, L., and Manes, F. (2004). Social and emotional decision-making follow-
ing frontal lobe injury. Neurocase 10, 398–403. doi: 10.1080/1355479049088
2799
Clarke, D. (2006). Impulsivity as a mediator in the relationship between depression
and problem gambling. Pers. Individ. Differ. 40, 5–15. doi: 10.1016/j.paid.2005.
05.008
Craufurd, D., Thompson, J. C., and Snowden, J. S. (2001). Behavioral changes in
Huntington disease. Neuropsychiatry Neuropsychol. Behav. Neurol. 14, 219–226.
de Boo, G. M., Tibben, A., Lanser, J. B., Jennekens-Schinkel, A., Hermans, J.,
Maat-Kievit, A., et al. (1997). Early cognitive and motor symptoms in identified
carriers of the gene for Huntington disease. Arch. Neurol. 54, 1353–1357. doi: 10.
1001/archneur.1997.00550230030012
De Marchi, N., Morris, M., Mennella, R., La Pia, S., and Nestadt, G. (1998).
Association of obsessive-compulsive disorder and pathological gambling with
Huntington’s disease in an Italian pedigree: possible association with Hunting-
ton’s disease mutation. Acta Psychiatr. Scand. 97, 62–65. doi: 10.1111/j.1600-
0447.1998.tb09964.x
de Visser, L., Homberg, J. R., Mitsogiannis, M., Zeeb, F. D., Rivalan, M., Fitoussi,
A., et al. (2011). Rodent versions of the iowa gambling task: opportunities and
challenges for the understanding of decision-making. Front. Neurosci. 5:109.
doi: 10.3389/fnins.2011.00109
Di Chiara, G., and Bassareo, V. (2007). Reward system and addiction: what
dopamine does and doesn’t do. Curr. Opin. Pharmacol. 7, 69–76. doi: 10.1016/j.
coph.2007.02.001
Dias, R., Robbins, T. W., and Roberts, A. C. (1996). Dissociation in prefrontal cortex
of affective and attentional shifts. Nature 380, 69–72. doi: 10.1038/380069a0
Dodd, M., Klos, K., Bower, J., Geda, Y., Josephs, K., and Ahlskog, J. (2005).
Pathological gambling caused by drugs used to treat parkinson disease. Arch.
Neurol. 62, 1377–1381. doi: 10.1001/archneur.62.9.noc50009
Doya, K. (2008). Modulators of decision making. Nat. Neurosci. 11, 410–416.
doi: 10.1038/nn2077
Frontiers in Behavioral Neuroscience www.frontiersin.org April 2014 | Volume 8 | Article 103 | 9
Kalkhoven et al. Pathological gambling and Huntington’s disease?
Duff, K., Paulsen, J. S., Beglinger, L. J., Langbehn, D. R., and Stout, J. C. (2007).
Psychiatric symptoms in Huntington’s disease before diagnosis: the predict-HD
study. Biol. Psychiatry 62, 1341–1346. doi: 10.1016/j.biopsych.2006.11.034
Duff, K., Paulsen, J. S., Beglinger, L. J., Langbehn, D. R., Wang, C., Stout, J. C.,
et al. (2010b). “Frontal” behaviors before the diagnosis of Huntington’s disease
and its relationship to markers of disease progression: evidence of early lack
of awareness. J. Neuropsychiatry Clin. Neurosci. 22, 196–207. doi: 10.1176/appi.
neuropsych.22.2.196
Duff, K., Paulsen, J., Mills, J., Beglinger, L. J., Moser, D. J., Smith, M. M., et al.
(2010a). Mild cognitive impairment in prediagnosed Huntington disease. Neu-
rology 75, 500–507. doi: 10.1212/wnl.0b013e3181eccfa2
Dumas, E. M., van den Bogaard, S. J., Middelkoop, H. A., and Roos, R. A. (2013).
A review of cognition in Huntington’s disease. Front. Biosci. (Schol. Ed.) 5, 1–18.
doi: 10.2741/s355
Epping, E. A., Mills, J. A., Beglinger, L. J., Fiedorowicz, J. G., Craufurd, D., Smith,
M. M., et al. (2013). Characterization of depression in prodromal Huntington
disease in the neurobiological predictors of HD (PREDICT-HD) study. J.
Psychiatr. Res. 47, 1423–1431. doi: 10.1016/j.jpsychires.2013.05.026
Faure, A., Höhn, S., Von Hörsten, S., Delatour, B., Raber, K., Le Blanc, P., et al.
(2011). Altered emotional and motivational processing in the transgenic rat
model for Huntington’s disease. Neurobiol. Learn. Mem. 95, 92–101. doi: 10.
1016/j.nlm.2010.11.010
Fellows, L. K., and Farah, M. J. (2005). Different underlying impairments in
decision-making following ventromedial and dorsolateral frontal lobe damage
in humans. Cereb. Cortex 15, 58–63. doi: 10.1093/cercor/bhh108
Fielding, S. A., Brooks, S. P., Klein, A., Bayram-Weston, Z., Jones, L., and Dunnett,
S. B. (2012). Profiles of motor and cognitive impairment in the transgenic rat
model of Huntington’s disease. Brain Res. Bull. 88, 223–236. doi: 10.1016/j.
brainresbull.2011.09.011
Fink, K. D., Rossignol, J., Crane, A. T., Davis, K. K., Bavar, A. M., Dekorver, N.
W., et al. (2012). Early cognitive dysfunction in the HD 51 CAG transgenic rat
model of Huntington’s disease. Behav. Neurosci. 126, 479–487. doi: 10.1037/a00
28028
Fiorillo, C. D., Tobler, P. N., and Schultz, W. (2003). Discrete coding of reward
probability and uncertainty by dopamine neurons. Science 299, 1898–1902.
doi: 10.1126/science.1077349
Folstein, S. E., and Folstein, M. F. (1983). Psychiatric features of Huntington’s
disease: recent approaches and findings. Psychiatr. Dev. 1, 193–205.
Foroud, T., Siemers, E., Kleindorfer, D., Bill, D. J., Hodes, M. E., Norton, J. A., et al.
(1995). Cognitive scores in carriers of Huntington’s disease gene compared to
noncarriers. Ann. Neurol. 37, 657–664. doi: 10.1002/ana.410370516
Giordani, B., Berent, S., Boivin, M. J., Penney, J. B., Lehtinen, S., Markel, D. S., et al.
(1995). Longitudinal neuropsychological and genetic linkage analysis of persons
at risk for Huntington’s disease. Arch. Neurol. 52, 59–64. doi: 10.1001/archneur.
1995.00540250063014
Gleichgerrcht, E., Ibanez, A., Roca, M., Torralva, T., and Manes, F. (2010). Decision-
making cognition in neurodegenerative diseases. Nat. Rev. Neurol. 6, 611–623.
doi: 10.1038/nrneurol.2010.148
Goudriaan, A. E., Oosterlaan, J., de Beurs, E., and Van den Brink, W. (2004). Patho-
logical gambling: a comprehensive review of biobehavioral findings. Neurosci.
Biobehav. Rev. 28, 123–141. doi: 10.1016/j.neubiorev.2004.03.001
Graybiel, A. M., Aosaki, T., Flaherty, A. W., and Kimura, M. (1994). The basal gan-
glia and adaptive motor control. Science 265, 1826–1831. doi: 10.1126/science.
8091209
Griffiths, M. (2003). Internet gambling: issues, concerns and recommendations.
Cyberpsychol. Behav. 6, 557–568. doi: 10.1089/109493103322725333
Grimbergen, Y. A. M., Knol, M. J., Bloem, B. R., Kremer, B. P. H., Roos, R. A. C.,
and Munneke, M. (2008). Falls and gait disturbances in Huntington’s disease.
Mov. Disord. 23, 970–976. doi: 10.1002/mds.22003
Haber, S. N., and Knutson, B. (2010). The reward circuit: linking primate anatomy
and human imaging. Neuropsychopharmacology 35, 4–26. doi: 10.1038/npp.
2009.129
Hadzi, T. C., Hendricks, A. E., Latourelle, J. C., Lunetta, K. L., Cupples, L. A.,
Gillis, T., et al. (2012). Assessment of cortical and striatal involvement in
523 Huntington disease brains. Neurology 79, 1708–1715. doi: 10.1212/wnl.
0b013e31826e9a5d
Hahn-Barma, V., Deweer, B., Dürr, A., Dodé, C., Feingold, J., Pillon, B., et al.
(1998). Are cognitive changes the first symptoms of Huntington’s disease? A
study of gene carriers. J. Neurol. Neurosurg. Psychiatry 64, 172–177. doi: 10.
1136/jnnp.64.2.172
Hamilton, J. M., Salmon, D. P., Corey-Bloom, J., Gamst, A., Paulsen, J. S., Jerkins,
S., et al. (2003). Behavioural abnormalities contribute to functional decline
in Huntington’s disease. J. Neurol. Neurosurg. Psychiatry 74, 120–122. doi: 10.
1136/jnnp.74.1.120
Hansotia, P., Cleeland, C. S., and Chun, R. W. (1968). Juvenile Huntington’s chorea.
Neurology 18, 217–224.
Heemskerk, A.-W., and Roos, R. A. C. (2011). Dysphagia in Huntington’s disease: a
review. Dysphagia 26, 62–66. doi: 10.1007/s00455-010-9302-4
Henley, S. M. D., Wild, E. J., Hobbs, N. Z., Warren, J. D., Frost, C., Scahill, R. I.,
et al. (2008). Defective emotion recognition in early HD is neuropsychologi-
cally and anatomically generic. Neuropsychologia 46, 2152–2160. doi: 10.1016/j.
neuropsychologia.2008.02.025
Holl, A. K., Wilkinson, L., Tabrizi, S. J., Painold, A., and Jahanshahi, M.
(2013). Selective executive dysfunction but intact risky decision-making in
early Huntington’s disease. Mov. Disord. 28, 1104–1109. doi: 10.1002/mds.
25388
Hoth, K. F., Paulsen, J. S., Moser, D. J., Tranel, D., Clark, L. A., and Bechara, A.
(2007). Patients with Huntington’s disease have impaired awareness of cognitive,
emotional and functional abilities. J. Clin. Exp. Neuropsychol. 29, 365–376.
doi: 10.1080/13803390600718958
Iacono, W. G., Malone, S. M., and McGue, M. (2008). Behavioral disinhibition
and the development of early-onset addiction: common and specific influences.
Annu. Rev. Clin. Psychol. 4, 325–348. doi: 10.1146/annurev.clinpsy.4.022007.
141157
Ille, R., Schäfer, A., Scharmüller, W., Enzinger, C., Schöggl, H., Kapfhammer, H. P.,
et al. (2011). Emotion recognition and experience in Huntington disease: a
voxel-based morphometry study. J. Psychiatry Neurosci. 36, 383–390. doi: 10.
1503/jpn.100143
Jason, G. W., Pajurkova, E. M., Suchowersky, O., Hewitt, J., Hilbert, C., Reed,
J., et al. (1988). Presymptomatic neuropsychological impairment in Hunting-
ton’s disease. Arch. Neurol. 45, 769–773. doi: 10.1001/archneur.1988.00520310
079021
Johnson, S. A., Stout, J. C., Solomon, A. C., Langbehn, D. R., Aylward, E. H.,
Cruce, C. B., et al., and Predict-HD Investigators of the Huntington Study
Group (2007). Beyond disgust: impaired recognition of negative emotions
prior to diagnosis in Huntington’s disease. Brain 130, 1732–1744. doi: 10.
1093/brain/awm107
Jones, L., and Hughes, A. (2011). “Pathogenic mechanisms in Huntington’s dis-
ease,” in International Review of Neurobiology, eds J. Brotchie, E. Bezard and
P. Jenner, Pathophysiology, Pharmacology and Biochemistry of Dyskinesia
(London: Academic Press), 373–418.
Josiassen, R. C., Curry, L. M., and Mancall, E. L. (1983). Development of neuropsy-
chological deficits in Huntington’s disease. Arch. Neurol. 40, 791–796. doi: 10.
1001/archneur.1983.04050120041005
Julien, C. L., Thompson, J. C., Wild, S., Yardumian, P., Snowden, J. S.,
Turner, G., et al. (2007). Psychiatric disorders in preclinical Huntington’s
disease. J. Neurol. Neurosurg. Psychiatry 78, 939–943. doi: 10.1136/jnnp.2006.
103309
Kassubek, J., Juengling, F. D., Kioschies, T., Henkel, K., Karitzky, J., Kramer, B., et al.
(2004). Topography of cerebral atrophy in early Huntington’s disease: a voxel
based morphometric MRI study. J. Neurol. Neurosurg. Psychiatry 75, 213–220.
doi: 10.1136/jnnp.2002.009019
Kirkwood, S. C., Siemers, E., Stout, J. C., Hodes, M. E., Conneally, P. M., Christian,
J. C., et al. (1999). Longitudinal cognitive and motor changes among presymp-
tomatic Huntington disease gene carriers. Arch. Neurol. 56, 563–568. doi: 10.
1001/archneur.56.5.563
Kirkwood, S. C., Su, J. L., Conneally, P., and Foroud, T. (2001). Progression of
symptoms in the early and middle stages of Huntington disease. Arch. Neurol.
58, 273–278. doi: 10.1001/archneur.58.2.273
Klitzman, R., Thorne, D., Williamson, J., Chung, W., and Marder, K. (2007).
Decision-making about reproductive choices among individuals at-risk for
Huntington’s disease. J. Genet. Couns. 16, 347–362. doi: 10.1007/s10897-006-
9080-1
Klöppel, S., Stonnington, C. M., Petrovic, P., Mobbs, D., Tüscher, O., Craufurd, D.,
et al. (2010). Irritability in pre-clinical Huntington’s disease. Neuropsychologia
48, 549–557. doi: 10.1016/j.neuropsychologia.2009.10.016
Frontiers in Behavioral Neuroscience www.frontiersin.org April 2014 | Volume 8 | Article 103 | 10
Kalkhoven et al. Pathological gambling and Huntington’s disease?
Koller, W. C., and Trimble, J. (1985). The gait abnormality of Huntington’s disease.
Neurology 35, 1450–1454. doi: 10.1212/wnl.35.10.1450
Kravitz, A. V., Tye, L. D., and Kreitzer, A. C. (2012). Distinct roles for direct and
indirect pathway striatal neurons in reinforcement. Nat. Neurosci. 15, 816–818.
doi: 10.1038/nn.3100
Labuschagne, I., Jones, R., Callaghan, J., Whitehead, D., Dumas, E. M., Say, M. J.,
et al. (2013). Emotional face recognition deficits and medication effects in pre-
manifest through stage-II Huntington’s disease. Psychiatry Res. 207, 118–126.
doi: 10.1016/j.psychres.2012.09.022
Lange, K. W., Sahakian, B. J., Quinn, N. P., Marsden, C. D., and Robbins, T. W.
(1995). Comparison of executive and visuospatial memory function in Hunting-
ton’s disease and dementia of Alzheimer type matched for degree of dementia.
J. Neurol. Neurosurg. Psychiatry 58, 598–606. doi: 10.1136/jnnp.58.5.598
Lawrence, A. D., Sahakian, B. J., Hodges, J. R., Rosser, A. E., Lange, K. W., and
Robbins, T. W. (1996). Executive and mnemonic functions in early Huntington’s
disease. Brain 119, 1633–1645. doi: 10.1093/brain/119.5.1633
Li, S. H., and Li, X. J. (2004). Huntingtin-protein interactions and the pathogenesis
of Huntington’s disease. Trends Genet. 20, 146–154. doi: 10.1016/j.tig.2004.
01.008
Louis, E. D., Lee, P., Quinn, L., and Marder, K. (1999). Dystonia in Huntington’s
disease: prevalence and clinical characteristics. Mov. Disord. 14, 95–101. doi: 10.
1002/1531-8257(199901)14:1<95::aid-mds1016>3.0.co;2-8
Lyketsos, C. G., Rosenblatt, A., and Rabins, P. (2004). Forgotten frontal lobe
syndrome or “Executive Dysfunction Syndrome”. Psychosomatics 45, 247–255.
doi: 10.1176/appi.psy.45.3.247
MacDonald, M. E., et al., and Huntington’s Disease Collaborative Research Group
(1993). A novel gene containing a trinucleotide repeat that is expanded and
unstable on Huntington’s disease chromosomes. Cell 72, 971–983. doi: 10.
1016/0092-8674(93)90585-e
Manes, F., Sahakian, B., Clark, L., Rogers, R., Antoun, N., Aitken, M., et al. (2002).
Decision-making processes following damage to the prefrontal cortex. Brain
125, 624–639. doi: 10.1093/brain/awf049
McAlonan, K., and Brown, V. J. (2003). Orbital prefrontal cortex mediates reversal
learning and not attentional set shifting in the rat. Behav. Brain Res. 146, 97–103.
doi: 10.1016/j.bbr.2003.09.019
Miller, L. A. (1992). Impulsivity, risk-taking and the ability to synthesize frag-
mented information after frontal lobectomy. Neuropsychologia 30, 69–79.
doi: 10.1016/0028-3932(92)90015-e
Newman, J. P. (1987). Reaction to punishment in extraverts and psychopaths:
implications for the impulsive behavior of disinhibited individuals. J. Res. Pers.
21, 464–480. doi: 10.1016/0092-6566(87)90033-x
O’Doherty, J., Kringelbach, M. L., Rolls, E. T., Hornak, J., and Andrews, C. (2001).
Abstract reward and punishment representations in the human orbitofrontal
cortex. Nat. Neurosci. 4, 95–102. doi: 10.1038/82959
Papp, K. V., Kaplan, R. F., and Snyder, P. J. (2011). Biological markers of cognition
in prodromal Huntington’s disease: a review. Brain Cogn. 77, 280–291. doi: 10.
1016/j.bandc.2011.07.009
Paradiso, S., Turner, B. M., Paulsen, J. S., Jorge, R., Ponto, L. L. B., and Robinson,
R. G. (2008). Neural bases of dysphoria in early Huntington’s disease. Psychiatry
Res. 162, 73–87. doi: 10.1016/j.pscychresns.2007.04.001
Paton, J. J., and Louie, K. (2012). Reward and punishment illuminated. Nat.
Neurosci. 15, 807–809. doi: 10.1038/nn.3122
Paulsen, J. S., Langbehn, D. R., Stout, J. C., Aylward, E., Ross, C. A., Nance, M., et al.
(2008). Detection of Huntington’s disease decades before diagnosis: the predict-
HD study. J. Neurol. Neurosurg. Psychiatry 79, 874–880. doi: 10.1136/jnnp.2007.
128728
Peltsch, A., Hoffman, A., Armstrong, I., Pari, G., and Munoz, D. P. (2008). Saccadic
impairments in Huntington’s disease. Exp. Brain Res. 186, 457–469. doi: 10.
1007/s00221-007-1248-x
Potenza, M. N. (2013). Neurobiology of gambling behaviors. Curr. Opin. Neurobiol.
23, 660–667. doi: 10.1016/j.conb.2013.03.004
Ramig, L. A. (1986). Acoustic analyses of phonation in patients with Huntington’s
disease. Preliminary report. Ann. Otol. Rhinol. Laryngol. 95, 288–293.
Raylu, N., and Oei, T. P. S. (2002). Pathological gambling. A comprehensive review.
Clin. Psychol. Rev. 22, 1009–1061. doi: 10.1016/S0272-7358(02)00101-0
Reiner, A., Dragatsis, I., and Dietrich, P. (2011). “Genetics and neuropathology of
Huntington’s disease,” in International Review of Neurobiology, eds J. Brotchie,
E. Bezard and P. Jenner, Pathophysiology, Pharmacology and Biochemistry of
Dyskinesia (London: Academic Press), 325–372.
Rogers, R. D., Everitt, B. J., Baldacchino, A., Blackshaw, A. J., Swainson, R.,
Wynne, K., et al. (1999). Dissociable deficits in the decision-making cognition
of chronic amphetamine abusers, opiate abusers, patients with focal damage
to prefrontal cortex and tryptophan-depleted normal volunteers: evidence for
monoaminergic mechanisms. Neuropsychopharmacology 20, 322–339. doi: 10.
1016/s0893-133x(98)00091-8
Roos, R. A. (2010). Huntington’s disease: a clinical review. Orphanet J. Rare Dis.
5:40. doi: 10.1186/1750-1172-5-40
Rosas, H. D., Hevelone, N. D., Zaleta, A. K., Greve, D. N., Salat, D. H., and
Fischl, B. (2005). Regional cortical thinning in preclinical Huntington disease
and its relationship to cognition. Neurology 65, 745–747. doi: 10.1212/01.wnl.
0000174432.87383.87
Rosenblatt, A. (2007). Neuropsychiatry of Huntington’s disease. Dialogues Clin.
Neurosci. 9, 191–197.
Rothlind, J. C., Bylsma, F. W., Peyser, C., Folstein, S. E., and Brandt, J. (1993).
Cognitive and motor correlates of everyday functioning in early Huntington’s
disease. J. Nerv. Ment. Dis. 181, 194–199. doi: 10.1097/00005053-199303000-
00008
Rushworth, M. F. S., Behrens, T. E. J., Rudebeck, P. H., and Walton, M. E. (2007).
Contrasting roles for cingulate and orbitofrontal cortex in decisions and social
behaviour. Trends Cogn. Sci. 11, 168–176. doi: 10.1016/j.tics.2007.01.004
Sánchez-Castañeda, C., Cherubini, A., Elifani, F., Péran, P., Orobello, S., Capelli,
G., et al. (2013). Seeking huntington disease biomarkers by multimodal, cross-
sectional basal ganglia imaging. Hum. Brain Mapp. 34, 1625–1635. doi: 10.
1002/hbm.22019
Sesack, S. R., and Grace, A. A. (2010). Cortico-basal ganglia reward network:
microcircuitry. Neuropsychopharmacology 35, 27–47. doi: 10.1038/npp.2009.93
Shannon, K. M. (2011). “Chapter 1 - Huntington’s disease - clinical signs,
symptoms, presymptomatic diagnosis and diagnosis,” in Handbook of Clinical
Neurology, eds W. J. Weiner and E. Tolosa, Hyperkinetic Movement Disorders
(London: Elsevier), 3–13.
Sharpe, L. (2002). A reformulated cognitive-behavioral model of problem gam-
bling. A biopsychosocial perspective. Clin. Psychol. Rev. 22, 1–25. doi: 10.
1016/s0272-7358(00)00087-8
Shiwach, R. (1994). Psychopathology in Huntington’s disease patients. Acta Psychi-
atr. Scand. 90, 241–246. doi: 10.1111/j.1600-0447.1994.tb01587.x
Smith, M. A., Brandt, J., and Shadmehr, R. (2000). Motor disorder in Huntington’s
disease begins as a dysfunction in error feedback control. Nature 403, 544–549.
doi: 10.1038/35000576
Snell, R. G., MacMillan, J. C., Cheadle, J. P., Fenton, I., Lazarou, L. P., Davies, P., et al.
(1993). Relationship between trinucleotide repeat expansion and phenotypic
variation in Huntington’s disease. Nat. Genet. 4, 393–397. doi: 10.1038/ng0893-
393
Stine, O. C., Pleasant, N., Franz, M. L., Abbott, M. H., Folstein, S. E., and Ross, C. A.
(1993). Correlation between the onset age of Huntington’s disease and length
of the trinucleotide repeat in IT-15. Hum. Mol. Genet. 2, 1547–1549. doi: 10.
1093/hmg/2.10.1547
Stout, J. C., Paulsen, J. S., Queller, S., Solomon, A. C., Whitlock, K. B., Campbell,
J. C., et al. (2011). Neurocognitive signs in prodromal Huntington disease.
Neuropsychology 25, 1–14. doi: 10.1037/a0020937
Stout, J. C., Rodawalt, W. C., and Siemers, E. R. (2001). Risky decision mak-
ing in Huntington’s disease. J. Int. Neuropsychol. Soc. 7, 92–101. doi: 10.
1017/S1355617701711095
Tabrizi, S. J., Langbehn, D. R., Leavitt, B. R., Roos, R. A., Durr, A., Craufurd, D.,
et al. (2009). Biological and clinical manifestations of Huntington’s disease in the
longitudinal TRACK-HD study: cross-sectional analysis of baseline data. Lancet
Neurol. 8, 791–801. doi: 10.1016/S1474-4422(09)70170-X
Tekin, S., and Cummings, J. L. (2002). Frontal-subcortical neuronal circuits and
clinical neuropsychiatry: an update. J. Psychosom. Res. 53, 647–654. doi: 10.
1016/s0022-3999(02)00428-2
Thieben, M. J., Duggins, A. J., Good, C. D., Gomes, L., Mahant, N., Richards,
F., et al. (2002). The distribution of structural neuropathology in pre-clinical
Huntington’s disease. Brain 125, 1815–1828. doi: 10.1093/brain/awf179
Tian, J., Herdman, S. J., Zee, D. S., and Folstein, S. E. (1992). Postural stability in
patients with Huntington’s disease. Neurology 42, 1232–1238. doi: 10.1212/wnl.
42.6.1232
Unschuld, P. G., Joel, S. E., Pekar, J. J., Reading, S. A., Oishi, K., McEntee, J.,
et al. (2012). Depressive symptoms in prodromal Huntington’s disease correlate
with stroop-interference related functional connectivity in the ventromedial
Frontiers in Behavioral Neuroscience www.frontiersin.org April 2014 | Volume 8 | Article 103 | 11
Kalkhoven et al. Pathological gambling and Huntington’s disease?
prefrontal cortex. Psychiatry Res. 203, 166–174. doi: 10.1016/j.pscychresns.2012.
01.002
van den Bogaard, S. J., Dumas, E. M., Acharya, T. P., Johnson, H., Langbehn, D. R.,
Scahill, R. I., et al. (2011). Early atrophy of pallidum and accumbens nucleus in
Huntington’s disease. J. Neurol. 258, 412–420. doi: 10.1007/s00415-010-5768-0
van den Bos, R., Davies, W., Dellu-Hagedorn, F., Goudriaan, A. E., Granon, S.,
Homberg, J., et al. (2013a). Cross-species approaches to pathological gambling:
a review targeting sex differences, adolescent vulnerability and ecological valid-
ity of research tools. Neurosci. Biobehav. Rev. 37, 2454–2471. doi: 10.1016/j.
neubiorev.2013.07.005
van den Bos, R., Homberg, J., and de Visser, L. (2013b). A critical review of sex
differences in decision-making tasks: focus on the iowa gambling task. Behav.
Brain Res. 238, 95–108. doi: 10.1016/j.bbr.2012.10.002
van den Bos, R., Koot, S., and de Visser, L. (2014). A rodent version of
the iowa gambling task: 7 years of progress. Front. Psychol. 5:203. doi: 10.
3389/fpsyg.2014.00203
van Duijn, E., Kingma, E. M., and van der Mast, R. C. (2007). Psychopathology in
verified Huntington’s disease gene carriers. J. Neuropsychiatry Clin. Neurosci. 19,
441–448. doi: 10.1176/appi.neuropsych.19.4.441
van Duijn, E., Reedeker, N., Giltay, E. J., Eindhoven, D., Roos, R. A. C., and van der
Mast, R. C. (2014). Course of irritability, depression and apathy in Huntington’s
disease in relation to motor symptoms during a two-year follow-up period.
Neurodegener. Dis. 13, 9–16. doi: 10.1159/000343210
van Holst, R. J., van den Brink, W., Veltman, D. J., and Goudriaan, A. E. (2010).
Why gamblers fail to win: a review of cognitive and neuroimaging findings
in pathological gambling. Neurosci. Biobehav. Rev. 34, 87–107. doi: 10.1016/j.
neubiorev.2009.07.007
van Holst, R. J., Veltman, D. J., Büchel, C., Van den Brink, W., and Goudriaan,
A. E. (2012). Distorted expectancy coding in problem gambling: is the addictive
in the anticipation? Biol. Psychiatry 71, 741–748. doi: 10.1016/j.biopsych.2011.
12.030
Verny, C., Allain, P., Prudean, A., Malinge, M. C., Gohier, B., Scherer, C., et al.
(2007). Cognitive changes in asymptomatic carriers of the Huntington disease
mutation gene. Eur. J. Neurol. 14, 1344–1350. doi: 10.1111/j.1468-1331.2007.
01975.x
Volkow, N. D., Fowler, J. S., and Wang, G. J. (2002). Role of dopamine in drug
reinforcement and addiction in humans: results from imaging studies. Behav.
Pharmacol. 13, 355–366. doi: 10.1097/00008877-200209000-00008
Vonsattel, J. P., and DiFiglia, M. (1998). Huntington disease. J. Neuropathol. Exp.
Neurol. 57, 369–384. doi: 10.1097/00005072-199805000-00001
Vonsattel, J. P. G., Keller, C., and Cortes Ramirez, E. P. (2011). Chapter 4 -
Huntington’s disease - neuropathology” in Handbook of Clinical Neurology, eds
W. Weiner and E. Tolosa, Hyperkinetic Movement Disorders (London: Elsevier),
83–100.
Vonsattel, J. P. G. (2008). Huntington disease models and human neuropathology:
similarities and differences. Acta Neuropathol. 115, 55–69. doi: 10.1007/s00401-
007-0306-6
Watkins, L. H. A., Rogers, R. D., Lawrence, A. D., Sahakian, B. J., Rosser, A. E.,
and Robbins, T. W. (2000). Impaired planning but intact decision making in
early Huntington’s disease: implications for specific fronto-striatal pathology.
Neuropsychologia 38, 1112–1125. doi: 10.1016/s0028-3932(00)00028-2
Weintraub, D., Papay, K., Siderowf, A., and Parkinson’s Progression Markers
Initiative. (2013). Screening for impulse control symptoms in patients with de
novo Parkinson disease: a case-control study. Neurology 80, 176–180. doi: 10.
1212/wnl.0b013e31827b915c
Witjas, T., Eusebio, A., Fluchère, F., and Azulay, J. P. (2012). Addictive behaviors
and Parkinson’s disease. Rev. Neurol. (Paris) 168, 624–633. doi: 10.1016/j.neurol.
2012.06.014
Wolf, R. C., Vasic, N., Schönfeldt-Lecuona, C., Landwehrmeyer, G. B., and Ecker, D.
(2007). Dorsolateral prefrontal cortex dysfunction in presymptomatic Hunting-
ton’s disease: evidence from event-related fMRI. Brain 130, 2845–2857. doi: 10.
1093/brain/awm210
Yin, H. H., and Knowlton, B. J. (2006). The role of the basal ganglia in habit
formation. Nat. Rev. Neurosci. 7, 464–476. doi: 10.1038/nrn1919
Yin, H. H., Ostlund, S. B., and Balleine, B. W. (2008). Reward-guided learning
beyond dopamine in the nucleus accumbens: the integrative functions of
cortico-basal ganglia networks. Eur. J. Neurosci. 28, 1437–1448. doi: 10.1111/j.
1460-9568.2008.06422.x
Young, A. B., Shoulson, I., Penney, J. B., Starosta-Rubinstein, S., Gomez, F., Travers,
H., et al. (1986). Huntington’s disease in Venezuela Neurologic features and
functional decline. Neurology 36, 244–249. doi: 10.1212/WNL.36.2.244
Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.
Received: 30 November 2013; paper pending published: 18 January 2014; accepted: 12
March 2014; published online: 02 April 2014.
Citation: Kalkhoven C, Sennef C, Peeters A and van den Bos R (2014) Risk-taking and
pathological gambling behavior in Huntington’s disease. Front. Behav. Neurosci. 8:103.
doi: 10.3389/fnbeh.2014.00103
This article was submitted to the journal Frontiers in Behavioral Neuroscience.
Copyright © 2014 Kalkhoven, Sennef, Peeters and van den Bos. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.
Frontiers in Behavioral Neuroscience www.frontiersin.org April 2014 | Volume 8 | Article 103 | 12
